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INTRODUCTION 
Because of the abundance of arthropods, especially insects, the ease with 
which they may be secured, and their adaptability to experimental work, they 
have been used in many investigations of light reactions. These investigations, 
made both in the field and in the laboratory, have included tests upon the reactions 
of these animals to lights of different colors. The different colors for the experi-
ments were obtained by filtering white light through colored solution or glass, 
or otherwise from a prism spectrum. 
The first recorded experiments upon the reactions of the arthropods to colored 
lights are tllos~ of PAUL BERT who published an account of his work on Daphnia 
in 1868. He discovered that: Daphnia responded to each_ of the visible colors 
of the spectrum. When the entire spectrum was thrown on a trvugh containing 
these animals, the majority of them gathered together in the green and yellow, 
the most luminous region of the specturm as judged by our eyes. MEREJI{OWSKY 
('81) experimented with spectral colors upon Balan~<s larvae "nd the marine copepod 
Dias longiremus. He recogni~ed the importance of the intensity of the ·light 
and attempted to eliminate this factor by equalizing the luminosity of the 
respective colors as judged by his own eyes. Under these conditions he found the 
animals distributed equally in the different colors. He concluded that the lower 
crm~taceans cannot see the different colors and are conscious of only one color in 
variations of intensity. , 
YERKES ('99) made a series of experim~nts upon the small crustacean 
Simocephalus vet·ulus with spectral light .. He reported in his account that this 
animal preferred the orange and yellow of a gas spectrum. VoN HESS later ('20) 
made tests on a large number of different arthropods (Daphnia, Polyphemus, and 
* Dedicated to Professor Emeritus Dr. Shinkishi Hatai, the founcl('r of the Marine 
Biologic,:al Station of Asamushi. 
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·similar crustaceans). He used three kinds of glass to sep~rate different regions 
of spectrum : one transmitted the long waves down to about 400 mf', and others 
transmitted down as far as 313 ml' and 280 mf', . . respectively. BECHER ('23) 
found that Daphnia responds to light of wave lengths as short as 228 mp. 
But it was later shown by MERKER ('30) that the response which the animals gave 
could be considered either as a positive or a negative r~sponse. 
The present author ('50) has undertaken to discover the most effective pigment 
migration in the shrimp eye nrider the visible color spectrum and recognized that 
the most effective wave lengths are in the neighborhood of 510 ml' and 455 mp 
respectively. 
Although eonsi<lerable attention has been paid to the reaction of crustaceans 
to colored light, comparatively little has been paid to the behavior of animals in 
colored light. In consequence~. this paper intends mainly to show how some 
crustaceans behave when they are exposed to colored light. 
Before going further, the writer desire::; to express his thanks to Prof. S. 
N~mura for his kind criticism. 
MATERIAL AND METHOD 
The materials used for this investigation were two species of fresh-water 
crustaceans: one is .water flea,· Simocephalw; vetulus (0. F. MOLLER), which had 
bef"n cultured wit~· Ray infusion in the laboratory; the other .is a shrimp, Para(ya 
compressa (nE HAAN), on which my pr~vious experiments of the pigment migration 
has been attempt~d. 
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Fig. 1. Apparatus of the colored 
light 1:est. · 
An. animal container 
s. slit 
f. filter 
w. heat absorbing water bottle 
ls, . light source · 
absorbed by water layer. The intensity of 
illuminometer which indicated directly the 
The apparatus for furnishing 
colored light was sho\vn in,Fig. 1. 
The color filters employed here 
were four kinds of purple~ V-P1 
· (400~450 rnp), blue~ V-B 1 (467~ 
500 mf'), green~ V-G1 (500~ 
SSOmp), and red~ V-R, (680~ 
700 lllf.t) respectively. For the light 
source was used a 500 watt kinema-
tographic electric lamp with spiral 
tungsten filament. By using this 
lamp Were obtained wave lengths 
from 415 ml' to 700 ml'· The heat 
radiated from the light source was 
light was measured by MATSUDA's 
illuminating intensity in lux. By 
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changing the distance from the light source to the front surface of the animal 
container, the intensity of the colored light was regulated and the same intensity 
of 1.000 lux for all.chromatic light was obtained. 
About 200 animals of S<tno"cephalus were put into a glass vessel of 9.7 em in 
diameter, which contained tap water up to 100 cc. But in the case of the shrimp 
· expe.riment, 15 animals wen'! pi.1t into a glass vessel (15.5 x 7.5 x 9.0 ern), containing 
·aoo ·cc. of tap water. . 
· For. the purpose to test the effect of the monochromatized spectrum upon the 
_animals, arrangements were made tO prOject the bright spectrum on the scale by 
using AnAM-Hli,GER's wave length spectrometer (constant deviation type). In 
this case, however, the illumh~ating intensity upon the surface of the animal 
container was only 10 lux. 1-lenc·e, this experiment by the rnonochromatized 
spectrum was not carried out. 
The observation was done from October to November in the dark room of 
the laboratory, which was approximately at constant temperature (l7°±0.5°C). 
• 
OBSERVATIONS 
I.. The behavior. of Simocephalus ''etu/1.s exposed to colored light. 
The animals· ·were tested with each of the four sets of different colors to 
determine whether they were responsive to the various wave lengths o"I light_ of 
an intensity used jn these experiments. In each test, the animals were scattered 
uniformly in the glass vessel before exposure to light. · 
The animals' illuminated with purple light, began to move simultaneously to 
the dir.ection of slit beam of light and crowded together at the lighted wall side. 
The state ·has' contii:med ·during the light exposure. When the animals were 
exposed· to red light, they formed close order slowly, and then dispersed in 
the state as· previous experiment. · The specimens illuminated with blue light 
clustered fairly fast to the direction of slit beam of light, but few animals remained 
at th~ first state. When exposed to green light, they moved somewhat quickly 
to· the wall of the light source, and swarmed there as long as lighted. 
Fig. 2 shows diagrammatically the end states of animals in the C'Jntainer 
tested with purple, red, bli1e and green lights respectively. 
IT. The behavior of Paratya cpmpressa to colored light. 
The animals were tested also with each of the four sets of different colors to 
determine whether they were responsive to the various waye lengths of light of 
an inte~sity. The condition of a_nimals Uefore experiment was similar to that ·of 
the water flea; above'mentioned. 
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Fig. 2. The crowding or scattered states of Simoccphalus exposed to purple, 
red, blue, and green respectively. 
Upper : Side views Lower : Plan 
S .... Slit P .... purple R .... red B .. ,, blue G . .. , green 
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The animals illuminated with purple light, moved away simultaneously from 
.the light on a course approximately parallel to the direction of the rays, and 
continued to swim at the distal end of the light source, as if to take refuge of liaht 
sti~ulation. , When the animals were exposed to red light, they turned their b;dy 
ax1s on a course parallel to the direction of the rays, but in a short time, they 
rested at the bottom of the container. The specimens illuminated with blue light 
clustered fmrly fastt? the distal position of the slit beam of light and continued 
to crawl in horizonhl posture. 
. Then, exposed to green light, they moved somewhat quickly <tway from the 
hght ~n a course approximately parallel to the direction of the rays, and continued 
to sw~m at the d1stal encl of the light beam. In this case, some animals kept on 
crawlmg 111. vertical posture, some were in horizontal posture. 
Fig. 3 shows diagrammatically the end states of the shrimps in the container 
tested with purple, red, blue, and green lights, simil<trly to the case of Simocephalus. 
0 1 ' I 




Fig 3 T! d. · · · 1e crow mg ~r scattered states of Paralya exposed to purple red 
blue and !IT · 1 • ' ' , ~ "een respecttv~ ?'· The figure and notation are the same as in Fig. 1. 
<> ...... vertical posture +- ...... horizontal posture 
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DISCUSSION AND CONCLUSION 
The results obtained show clearly that the behavior of the crustaceans is 
dependent upon the wave length of light, certain colors are much more efficient 
as stimulating agents than uthers. That is to say, the most effective color light 
in controlling lhe behavior of the animal as a whole, is purple in both cases of 
Simocephalus and Paratya, and' the red one was the least effective. Green was 
more effective than blue in Simocephalu.s, and vice versa in Paratya. The white 
light, on which nothing was described in the article of observations, showed the 
more striking 13ffect on the animal behavior. 
It may be interesting to compare briefly the writer's present work with his 
previous work on the relative efficiency of light at different wave lengths for the 
pigment migration of the shrimp eyes and to see where the results of the present 
investigation fit into the picture. It was recognized that purple and green were 
most effective to the distal pigment migration. in the eye of the shrimp. The 
white light produced the cunsiderable effect on the eye pigment migration. The 
red light had the weakest effect. 
To the difference of reactions of the two kinds of animals attention ·should 
be paid. It may be caused by the differences of the responsiveness of animals 
to the light intensity. 
If it is assumed that the reactions of the crustaceans are bropght about by 
physiological changes produced by light on the photo-receptors of organism, it 
is conceivable that there exist some differences h1 the behavior oi organi:::m as 
a whole, depending upon the differential effects of the wave lengths of lighL 
SUMMARY 
I. The behavior of organism as a whole exposed to colored light was observed 
on a: :vater flea, Simocephalus vet-z.tl·us and a freshwater shrimp, Paratya Compressa. 
2. The purple light (400~450 m1•l was the most effective stimulant to the 
animal behavior. The red light (680~700 m1.t) was the least effective one. 
3. It was conceivable that there exist some di'fferences in the animal behavior, 
depending on the kinds of color light of the same intensity. 
LITERATURE 
BECHER, S. 1923 Die SinnesempfindlichkCit fiir Ultraviolett bei Daphnie11. Verh: dtsch. 
Zoo!. Ges., 28 : 52·~55, 
BERT, P. 1868 Lcs animaux voient·ils les m&mes rayons lumineux que nous? Mem. 
Soc. Sci. phys. ct Nat. Bordeaux., 6 : 375~-383. 
BERTHOLF, L.·M. 1933 The cxtCI}t of the spectrum for Drosophila and tlte distribution of 
stimulative r:ffic~cncy in it. Z. vergl. 'Physiol., 18: 32-64. 
DAY, E. C. 1911 The effect of colored light on pigmenf-migr<!ticin in the eye of the crayfish. 
Bull. Museum of Comp. Zool., 53: 305---342. 
TI-lE BEHAVIOR OF CRUSTACEA EXPOSED 10 COLORED LIGHT 49 
GROSS, A. 0. 1913 The reactions of arthropods to monochromatic lights of equal intensities. 
J. Exper. 7.ool., 14: 467-514. 
VoN HESS, C. 1920 Die Grenzen der Sichtbarkeit des Spektrums in cler Tierreich. 
Naturwiss., 8: 197-200. 
--- 1921 Methoclen zur Untersuchung des Lichtsinnes uncl Farbcnsinnes sowie 
des Pupillenspielcs. Handb. d. bioi. Arbeitsmethod. Abt. 5, Teil 6. 
!{OLLER, G. 1927 'Ober Chromatophorensystem, Farbensinn nnd Farbwechsel bei C-rangon 
vulgaris. Z. vergl: .P4ysiol., 65: 547·-567. 
NAGANO, T. 1950 Physiological studies on the pigmentary system of crustacea. VII. 
The effect of colored light on pigment migration of the compound eye of the 
shrimps. Sci. Rep. T6hoku Univ. Ser. IV. Bioi. 18: 453--459. 
i\fAST, S. 0. 1917 The relation b{'hveen spectral color and stimulation in the lower 
organisms. J. Expcr. 'Zoo I., 22 : 471--528. 
MEREJKOWSKY, C. DE. 1881 Les crustaces infericnrs distingoent-ils les coulcurs? Compt. 
Rend. Aca. Sci., Paris. 93 : 1160-1161. . 
1\'l:ERKER, E. 1930 Scheu die Daphnien ultraviolettes Licht. Zool. Jb., Abt. Allg. Zoot. 
u. Physiol., 48 : 277-348. 
ScHLEGTENDAL, A. 1934 Beitrag zum Farbensinn der Arthropbde-n: Z. _vergl Physiol., 
20 : 545-581. 
VIsscHER, J. P. and R. H. LucE 1928 Reaction of the cyprid larvae of barnacles to light 
with special reference to spectral colors. Bioi. Bull., 54: 33G--350. 
